In this work, 5-methyl-5H-Benz[g]indolo [2,3-b]quinoxaline (BIQCH 3 ) and its derivatives were prepared in good yield by condensing 5-Substituted-1-methyl-1H-Indole-2,3-dione and 2,3-diaminonaphthalene in glacial acetic acid. The structure of BIQCH 3 and its derivatives were confirmed using FT−IR, 1 H NMR, 13 C NMR, Mass spectra and elemental analysis. The photophysical and electrochemical studies of BIQCH 3 and its derivatives were studied by UV-Visible spectroscopy, fluorescence spectroscopy and cyclic voltammetry respectively. The optical energy band gap of BIQCH 3 and its derivatives lies in the range of 2.53 ̶ 2.58 eV. Thermal analysis of BIQCH 3 and its derivative were studied by Thermo Gravimetric Analysis (TGA) and Differential Thermal Analysis (DTA).
INTRODUCTION
In last few decades there is a significant progress in the field of Organic electronics which includes Organic light emitting diodes (OLEDs) [1] [2] [3] , Organic field effect transistors (OFETs) [4] and Dye sensitized solar cells (DSSCs) [5] [6] [7] . Molecules containing Donor-acceptor (D-A) core have been found to exhibit interesting charge-transporting characteristics in electroluminescent devices [8] . Indolo [2,3-b] quinoxaline and their derivatives are very important class of nitrogen containing heterocyclic compounds and have been widely used in dyes [9] , photoinitiator [10] and Optical devices [11] [12] [13] [14] . Indolo [2,3-b] quinoxalines not only possess many important applications in material sciences, but also in medicinal chemistry. Earlier research showed that indolo [2,3-b] quinoxaline derivatives exhibit a wide range of interesting biological activities, such as antiviral [15, 16] anticancer [17, 18] antimicrobial [19] and antibacterial activities [20] .
Benz [g] indolo [2,3-b] quinoxalines is a built in donor-acceptor chromophores as it contain the electron rich indole unit fused with electron deficient quinoxaline moiety, however they are reported in literature [21, 22] and are used in medicinal chemistry as an antiviral and anticancer agents [23, 24] . Considering the importance of indolo [2,3-b] quinoxalines in material sciences it was decided to investigate the optoelectronic and thermal properties of Benz[g]indolo [2,3-b] quinoxalines. To the best of our knowledge the optoelectronic and thermal properties of Benz[g]indolo [2,3- In this paper we report the photophysical, electrochemical and thermal properties of 5-methyl-5H-Benz[g]indolo [2,3-b] quinoxaline (BIQCH 3 ) and its derivatives (Chart 1) by substituting second position of BIQCH 3 (1) with electron donating and electron withdrawing groups such as -CH 3 and ̶ Br, -NO 2 respectively. The studies also explores the effects of electron donating and electron withdrawing group at second position of BIQCH 3 on electrochemical properties such as HOMO and LUMO energy levels and photophysical properties.
Chart 1: Molecular structures of BIQCH 3 and its derivatives 1 ̶ 4.
EXPERIMENTAL SECTION

Materials and Equipments
All the starting materials and reagents were purchased from commercial source (S D fine and Alfa Aesar) and were used without any further treatment and purifications unless otherwise noted. The organic solvents were of HPLC and spectroscopic grade and were dried and freshly distilled using the standard procedures and handled in moisture free atmosphere.
Investigation and confirmation of chemical structures of all the prepared molecules were done using FT-IR, 1 H NMR, 13 The Ionization potential (HOMO) is calculated from peak potentials (E oxi ) of the oxidation event according to the equation (1) . Electron affinity (LUMO) energy values are calculated from peak potentials (E red ) of the reduction event according to the equation (2) .
Melting points of the products were determined by open capillary method and compared with Differential Thermal analysis (DTA). The thermo gravimetric analysis (TGA) was performed using Perkin Elmer Pyris Diamond TG/DTA under nitrogen atmosphere. Column chromatography was carried out using SD−Fine silica gel (60−120 mesh), eluting with n−hexane and chloroform. The progress of reaction and the purity of the compound were checked by thin layer chromatography (TLC) on silica gel coated glass plates, in which the spots were visualized with UV light and in iodine chamber.
Synthesis and Characterization
5-Substituted-1-methyl-1H-Indole-2,3-dione is prepared according to the reported procedure [26−28] . Compound 1-4 was prepared by condensation of 5-Substituted-1-methyl-1H-Indole-2,3-dione and 2,3-diaminonaphthalene in acetic acid. Preparation of BIQCH 3 (1), BIQCH 3 Br (3) and BIQCH 3 NO 2 (4) are reported in literature [21, 22] . However BIQCH 3 CH 3 (2) is not reported and all of these compounds are confirmed by FT-IR, 1 H NMR, 13 C NMR, MASS spectra and elemental analysis. Due to the poor solubility of BIQCH 3 NO 2 (4) in various solvent we could not get the 1 H NMR, 13 C NMR spectra but it is confirmed by Mass spectra and High Resolution Mass Spectra (HRMS). The detailed synthetic route adopted for the synthesis of BIQCH 3 and its derivatives 1-4 is depicted in Scheme 1 and molecular structures of the prepared derivatives are illustrated in Chart 1.
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Reaction condition: (i) anhydrous K 2 CO 3 /CH 3 I, DMF, Reflux, 15 hrs.
(ii) CH 3 COOH, Reflux, 3hrs.
Scheme 1: Preparation of BIQCH 3 and its derivatives 1-4.
General procedure for the preparation of BIQCH 3 and its derivatives 1-4:
A mixture of 5-Substituted-1-methyl-1H-Indole-2,3-dione (1 mmol) and 2,3-diamino naphthalene (108 mg, 1 mmol) was dissolved in glacial acetic acid (10 ml). The reaction mixture was continuously stirred at 100 0 C for 3 hrs. After completion of reaction, reaction mixture is poured in cold distilled water and filtered, and washed with water. The solid thus obtained was then purified by column chromatography (eluent: n-hexane: chloroform ratio as 70:30) to obtain a yellow to orange solid.
Preparation of 5-methyl-5H-Benz[g]indolo[2,3-b]quinoxaline (BIQCH 3 ) (1)
Yield: 212 mg (75.0 %), M. 
RESULTS AND DISCUSSIONS
Photophysical properties
The photophysical properties of compound BIQCH 3 (ν Abs -ν Em ) and fluorescent quantum yield (ϕ F ) of the molecules were determined and pertinent data is summarized in Table 1 and the spectral profiles are displayed in Figure 1 and 2.
The absorption spectra of BIQCH 3 and its derivatives 1-4 are dominated by the intense overlapping bands with λ Abs below 300 nm are due n-π * transition originating from electron donating indole unit and 311-396 nm mainly due to π ̶ ̶ π * transition arising from entire Benz[g]indolo [2,3- b]quinoxaline core. Further, a lower intensity absorption broad band above 400 nm observed which may be due to charge transfer between the electron-donating indole and the electron-accepting benzo[g]quinoxaline core. In BIQCH 3 NO 2 (4) intensity of π ̶ ̶ π * transition and charge transfer transition is slightly high as compared to other derivatives suggesting better charge transfer due to electron withdrawing NO 2 group.
The absorption spectra for all the compounds in thin films are found to be slightly broader in nature as compared to solution form and this may be due to intermolecular aggregation of the molecules in the solid state. However peaks are distinct and of nearly same order relative to solution form.
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Optical band gap (E g opt ) for the derivatives are calculated from the solution state absorption and excitation spectra and are in the range 2.53-2.58 eV ( Table 1) . Molar extinction coefficients (ε) of the derivatives are recorded at λmax value obtained from absorption spectra and are high in the range 17741-27797 which indicates that the long wavelength band of the absorption spectrum is a charge transfer band through the π ̶ π * transition. [25] .
BIQCH 3 and its derivatives 1-4 emits in green region with λ em at 505 ̶ 521nm ( Fig. 2 (a) ) upon excitation at their corresponding absorption maxima in toluene and in thin film form they emit in yellow region with λ em at 590 ̶ 597 nm (Fig. 2 (b) ). The fluorescence spectra of BIQCH 3 and its derivatives 1-4 in thin solid film are nearly same order relative to solution form (Fig. 2 (b) ). A significant bathochromic shift of 80 to 90 nm in thin solid film is observed. Red shift in thin film form of BIQCH 3 and its derivatives 1-4 is may be due to intermolecular aggregation of molecules in thin solid form. Fluorescence quantum yield is an important parameter for the characterization of optical materials to be used in OLEDs. The fluorescence quantum yield of the BIQCH 3 and its derivatives 1-4 were calculated using tris(8-hydroxyquinolinato)aluminium(III) (Alq 3 ) ( F = 0.16 in benzene) [25] represent the integrated emission band area, the absorbance at the excited wavelength, and the refractive index of the solvent, respectively for the standard reference and the sample. The quantum yields of the BIQCH 3 and its derivatives 1-4 are in the range 0.60-0.68 ( Table 1) .
The material performance for electroluminescence applications are evaluated by comparing the emission color by means of color coordinates. The CIE chromaticity coordinates of the BIQCH 3 and its derivatives 1-4 are determined using the emission spectra of the derivatives excited at 300 nm in thin film. The obtained CIE coordinates are located in the yellow green region. The CIE coordinates and chromaticity diagram are depicted in Table 2 and Figure 3 respectively. Thus, the photophysical parameters indicate that the BIQCH 3 and its derivatives 1-4 are potential candidates for the fabrication of OLEDs. 
Electrochemical properties
Cyclic voltammetry was used to study the redox behavior of BIQCH 3 (2) and BIQCH 3 Br (3) shows two reversible peaks which may be correspond to formation of mono and diradical anion of quinoxaline unit [29] . BIQCH 3 NO 2 (4) shows four irreversible reduction peak and peak at −1.26 eV is may be due to reduction of nitro group. Increase in LUMO energy value is observed on substituting second position of BIQCH 3 (1) with electron withdrawing groups like -Br and -NO 2 (compounds 3 and 4) is observed. This increase is in LUMO energy values of molecules BIQCH 3 Br (3) and BIQCH 3 NO 2 (4) is due to increase in electron deficiency of electron rich indole unit and hence increases electron accepting property of quinoxaline unit. BIQCH 3 Br (3) and BIQCH 3 NO 2 (4) may acts electron transporting material since their LUMO values are found above 3.0 eV [30] . The energy band gap determined from the cyclic voltammetry measurements are in range of 2.68-2.90 eV and are comparable with the optically calculated band gap.
Thermal properties
The electroluminescence devices containing π-conjugating organic materials should withstand temperature as high as 80 0 C [31, 32] . TGA study reveals that the BIQCH 3 and its derivatives 1-4 exhibit good thermal stability and show two step thermal decomposition process. First step is may be due to loss of substituents at second position of indole unit and second step may be due to loss of entire Benz Table 4) . Despite being relatively low molecular weight molecules, prepared compound show amorphous nature and high decomposition temperatures suggesting that they have high thermal stability and beneficial for the fabrication of amorphous thin film. 
